ABSTRACT
INTRODUCTION
Rituximab is a chimeric monoclonal antibody that is directed against CD20 , a B-cell antigen expressed by normal B lymphocytes and also by approximately 85% of non-Hodgkin's lymphoma. 1 The combination of rituximab plus chemotherapy is now considered standard therapy for diffuse, large B-cell lymphoma (DLBCL) based upon several trials which have consistently demonstrated improved complete response (CR), failure free survival, and overall survival in older 2, 3 and younger 4 immunocompetent patients with DLBCL who received rituximab plus chemotherapy compared with chemotherapy alone. In several trials, the standard chemotherapy regimen consisted of intravenous bolus cyclophosphamide, doxorubicin, and vincristine plus oral prednisone (CHOP), or CHOP-like regimens. At least one report also suggests benefit when rituximab is combined with more intensive cytotoxic regimens for aggressive B-cell lymphoma. 5 For patients with lymphoma associated with human immunodeficiency virus (HIV) infection, however, the benefits of rituximab are less certain. HIV-associated lymphoma tends to present with advanced stage disease, aggressive histology, and compromised performance status, immune function, and hematopoietic reserve; these factors contribute to a poorer prognosis compared to B-cell lymphoma in immunocompetent individuals. 6, 7 In a previous trial performed by the AIDS Malignancy Consortium, the addition of rituximab to CHOP chemotherapy (R-CHOP) was associated with a significantly higher risk of treatment associated death when compared with CHOP alone (14% vs. 2%; P = .035), and resulted in comparable CR rates (58% vs. 47%; P = 0.147) and survival. 8 This raised concerns about the safety and efficacy of R-CHOP in patients with HIV-associated lymphoma. 9 Infusional administration of cytotoxic therapy has also been explored as a potential strategy in patients with poor-risk lymphoma [10] [11] [12] [13] , including HIV-associated lymphoma when
For personal use only. on November 16, 2017 . by guest www.bloodjournal.org From used as first-line therapy. For example, Little et al evaluated a 96 hour continuous intravenous infusional regimen called EPOCH in 39 patients with HIV-associated lymphoma; 29 patients (74%) achieved a CR, and after a median follow-up of 53 months, the median progression-free survival rate was 73% and overall survival rate was 60%. 14 Other studies evaluating a 96 hour infusion of cyclophosphamide, doxorubicin, and etoposide in HIV-associated lymphoma produced similar results 15 , with outcome improved for patients treated in the HAART era. 16 In addition, the safety and efficacy of rituximab plus infusional chemotherapy 17 or CHOP chemotherapy 18 19 in patients with HIV-associated lymphoma has also been demonstrated in other studies, suggesting that HIV-infected patients may derive similar benefit from rituximab. 20 Based upon these considerations, the AIDS Malignancy Consortium (AMC) initiated a randomized phase II trial evaluating the safety and efficacy of infusional EPOCH chemotherapy given either concurrently with rituximab every 3 weeks for up to 6 cycles, or EPOCH given alone every 3 weeks for up to 6 cycles sequentially prior to initiating weekly rituximab for up to 6 doses. This design would facilitate the evaluation of each experimental treatment arm independently compared with historical data. The trial was designed to distinguish between a CR rate of 50% expected for standard therapy and 75%, which was defined a priori as promising.
This design also permitted a direct comparison of the toxicity in each treatment arm. Group (ECOG) performance status of 0-2, age 18 years or older, and adequate organ function similar to a previous AMC lymphoma trial; exclusion criteria were also similar to the previous trial. 8 All patients were also required to be able to provide written informed consent.
METHODS

Eligibility
Rituximab, EPOCH, Supportive Care, and Clinical Evaluation. Details regarding treatment program are summarized in Table 1 . Response was defined by the International
Response Criteria for Non-Hodgkin's Lymphoma (which utilizes anatomical but not functional imaging). 21 Toxicity was graded according to the National Cancer Institute Common Toxicity Criteria (version 2.0). Response was evaluated after every 2 cycles of EPOCH therapy (with computerized tomography of the chest, abdomen, and pelvis) and continued for 2 cycles beyond achieving a CR (for a minimum of 4 and maximum of 6 cycles), including after completion of R-EPOCH in the concurrent arm, and after completion of EPOCH alone and by rituximab alone in the sequential arm. All patients were required to have bone marrow biopsy and lumbar puncture for cerebrospinal fluid cytologic exam at baseline. A repeat bone marrow biopsy was required if the original study demonstrated lymphomatous marrow involvement, and if the physical exam and imaging studies were consistent with a complete response.
A 24-hour supply of vincristine, doxorubicin, and etoposide were administered in 500 ml of 0.9% sodium chloride and delivered by a portable infusion pump given by a central venous catheter. Rituximab (375 mg/m 2 ) was given either before each EPOCH course in the concurrent arm (arm A), or sequentially following the completion of all EPOCH on a weekly basis for 6 consecutive weeks (arm B) beginning about 3 weeks after the last EPOCH cycle when there was satisfactory recovery from toxicity. Rituximab (Rituxan®, Genentech, Inc., San Francisco, CA) was provided by the National Cancer Institute for all patients. EPOCH treatment cycles were repeated every 3 weeks if the neutrophil count was at leas 1000/uL, platelets at least 50,000/uL, For personal use only. on November 16, 2017 . by guest www.bloodjournal.org From and the patient had recovered from non-hematologic toxicity. EPOCH dose modification was performed as previously described, and as summarized in Table 1. 14 Central nervous system (CNS) prophylaxis was given at the discretion of the treating physician, and was recommended for individuals with small non-cleaved cell histology, bone marrow involvement, paranasal sinus involvement, testicular involvement, or epidural disease. The recommended CNS prophylaxis regimen included intrathecal injection of either cytarabine (50 mg) or methotrexate (12 mg) weekly for four consecutive weeks during cycle 1 of EPOCH. Patients with a positive baseline CSF cytology were permitted to remain on study and receive an intrathecal chemotherapy regimen of the physician's choice.
Supportive care used is summarized in Table 1 , and included antibacterial prophylaxis for those in the concurrent arm (using a fluoroquinolone of the investigator's choice on days 8-15 or longer of each cycle). Patients in the sequential arm were also required to use quinolone prophylaxis if there were high risk features for infection, including a baseline CD4 count of < 100/uL or decreasing below that level during therapy, a nadir neutrophil count of < 500/uL in a previous or current cycle, or a nadir neutrophil count of < 1000/uL associated with fever of at least 38.0º Celsius occurring in a previous cycle. A complete blood count was obtained prior to beginning each cycle, and on or about days 8 and 15 of EPOCH therapy in order to document adequate recovery of the neutrophil count to at least 1000/uL before the quinolone was discontinued.
The use of antiretroviral therapy was left to the choice of the treating physician. For patients who were never previously treated with antiretroviral agents, or who were not receiving them within 4 weeks of registration, it was recommended that concurrent antiretroviral therapy be withheld until completion of EPOCH chemotherapy. For those who were taking 21 The primary objective was to distinguish between a CR rate of 75% with experimental therapy compared with 50% typically expected with standard therapy for HIV-associated lymphoma.
Because neither of the regimens evaluated in this trial were considered standard therapy, both treatment arms were regarded as experimental. For each treatment arm, a sample size of 31 eligible and evaluable patients was planned based on testing the null hypothesis that the CR rate was 50% against the alternative that it is 75% at the two-sided 0.10 significance level with power of 0.90. Assuming a 10% ineligible or unevaluable for response, it was projected that 35 patients in each arm were required. All analyses were performed using Statistical Analysis System (SAS)
software. An early stopping rule was also employed that was designed to interrupt accrual if the incidence of treatment associated deaths exceeded 10% for either arm. 14 The study completed its accrual goal in April
2006
. The amended analysis plan indicated that the primary efficacy analysis for CR rate would be based upon patients treated after the amendment, and that efficacy and toxicity would also be analyzed for the entire study population. Progression free survival (PFS), time to progression (TTP), and overall survival were estimated using the method of Kaplan and Meier. PFS was defined as the time between registration and either relapse or progression of lymphoma or death from any cause. TTP was defined as time to progression or relapse of lymphoma, with deaths from other causes censored.
Informed Consent and Regulatory Approval. The study was reviewed and approved by the Cancer Evaluation Therapy Program of the National Cancer Institute, and by the institutional review board at each participating institution (Clinical Trials.gov identifier NCT00049036). All patients provided written informed consent in accordance with the Declaration of Helsinki.
RESULTS
Patient Characteristics
A total of 110 patients were enrolled at 20 sites between December 2002 and April 2006, of whom 106 were treated and included in this analysis (see Figure 1 Consort Diagram); 35 treated patients were enrolled prior to the amendment and 71 were enrolled after the amendment.
The characteristics of the 106 treated patients are shown in Table 2 , including the characteristics of the pre-amendment, post-amendment, and total population in each treatment arm. The populations were generally comparable with respect to gender, median age, concurrent antiretroviral therapy, histology (as determined by the local institutional pathologist), and number of age-adjusted International Prognostic Index (IPI) risk factors. The populations were also comparable with regard to race and ethnicity. With regard to ethnicity, 30 patients (28.3%)
were Hispanic (and the remaining were non-Hispanic); with regard to race, 69 were white (65.1%), 28 were black (26.4%), 4 were native Pacific islanders (3.8%), 3 were Asian (2.8%), and 2 were characterized as other (1.9%). However, significantly more patients in the postamendment cohorts including both arms received concurrent antiretroviral therapy (77% vs.
57%, p=0.041). In addition, patients in the concurrent arm had a numerically (but not significantly) lower median CD4 count in the post-amendment compared with the preamendment cohort (median 153/uL vs. 295/uL), a trend that was evident in the sequential arm (median 194/uL vs. 212/uL). However, for the total population, median CD4 count was generally similar in the concurrent and sequential arms (median 181/uL vs. 194/uL).
Treatment Administered
A total of 587 EPOCH cycles were given to all 106 patients, including 233 in the concurrent arm (median of 5, range 1-6 cycles per patient) and 254 in the sequential arm (median of 6, range 1-6 per patient). Some dose reduction of EPOCH was required for 15 patients (29%) treated in arm A and 17 patients (31%) treated in arm B. The median relative dose intensity was comparable in arms A and B, averaging respectively 100% and 99% for cyclophosphamide (relative to the planned cyclophosphamide dose in cycle 1), 100% and 99% for etoposide, 98%
and 98% for doxorubicin, and 97% and 92% for vincristine. Cyclophosphamide was not given in the second or subsequent cycles (due to protocol specified dose reduction stipulated in Table   1 ) in 15 patients (29 treatment cycles) in the concurrent arm, and 12 patients (26 treatment cycles) in the sequential arm. All patients in the concurrent arm received rituximab (median of 5 doses, range 1-7 doses), whereas only 28 patients in the concurrent arm (51%) received rituximab (median of 6 doses, range 2-6 doses for those who received it). Of the 27 patients in the sequential arm who did not receive rituximab, reasons included disease progression (N=8), death (N=4), patient withdrawal or non-compliance (N=4), physician discretion (N=4), adverse event (N=1), or other unspecified reasons (N=6, of whom 2 had a PR and 4 had a CR).
For those treated after the amendment, a total of 329 cycles were given to 71 patients, including 156 in the concurrent arm (median of 5, range 1-6 cycles per patient) and 173 in the sequential arm (median of 6, range 1-6 per patient). Some dose reduction of EPOCH was required for 10 patients (29%) treated in arm A and 15 patients (41%) treated in arm B. For the post-amendment population, the median relative dose intensity was also comparable in arms A and B, averaging respectively 118% and 102% for cyclophosphamide (relative to the planned cyclophosphamide dose in cycle 1), 100% and 98% for etoposide, 100% and 96% for doxorubicin, and 97% and 88% for vincristine. For all patients treated after the amendment, the protocol stipulated escalation in the cyclophosphamide dose if the neutrophil nadir were above 500/uL and platelet nadir were above 25,000/uL. Patients treated before the amendment were generally not dose escalated, although some of the patients were escalated after sites were notified. After the protocol amendment, 16 of 34 patients (47%) in the concurrent arm and 18 of 37 patients (49%) in the sequential arm had cyclophosphamide dose escalation.
Response Data
Response data are shown in Table 3 for the pre-amendment, post-amendment, and total populations. Five patients were considered unevaluable for response in the entire study population (Figure 1 ) because either response data were unknown (N=2 in arm A), physician withdrawal from therapy (N=1 in arm A), patient withdrawal (N=1 in arm B), or patient noncompliance (N=1 in arm B). In the concurrent arm, 48 of 51 treated patients were evaluable for response (3 were unevaluable for response after amendment). In the sequential arm, 53 of 55 treated patients were evaluable for response (2 were unevaluable for response before amendment).
The primary efficacy analysis was based upon CR rate in the post-amendment population.
CR occurred in 21 of 31 evaluable patients (68%; 95% confidence intervals [CI] 49%, 83%) in the concurrent arm, and in 18 of 37 patients (49%; 95% CI 32%, 66%) in the sequential arm.
Therefore, the null hypothesis that the CR rate is 50% was rejected in favor of the alternative that is 75% for the concurrent arm, but not the sequential arm; in other words, the concurrent arm met the prespecified efficacy endpoint, whereas the sequential arm did not. The CR rates tended to be lower in the post-amendment compared with the pre-amendment cohorts in both the concurrent arm (68% vs. 82%) and sequential arm (49% vs. 69%), which may reflect inclusion of patients with more advanced immunosuppression in the post-amendment cohort as previously described in the patient characteristic section.
For the secondary efficacy analysis in the entire population, CR occurred in 35 of 48 evaluable patients (73%; 95% CI 58%, 85%) in the concurrent arm; an additional 7 patients had a partial response (PR), yielding an overall response rate of 88%. In the sequential arm, 29 of 53 evaluable patients (55%; 95% CI 41%, 68%) had a CR; an additional 12 patients had a PR, yielding an overall response rate of 77%. For the entire population, the null hypothesis that the CR rate is 50% was rejected in favor of the alternative that is 75% for the concurrent arm (post hoc p=0.005, power 0.89) but not the sequential arm (post hoc p=0.394). Therefore, the results were similar for the secondary efficacy analysis in the entire population as for the primary efficacy analysis in the post-amendment cohort. The results were also similar if an intention to treated analysis including all treated patients was performed for the entire population, with CR rates being 69% in the concurrent arm (95% CI 54%, 81%) and 53% in the sequential arm (95% CI 39%, 66%). Recurrences occurred in 11 of 64 patients (17%) with CR and 10 of 19 patients (53%) with PR in both arms.
Response by Histology and Results of Central Pathology Review
When the response rate was analyzed in all treated patients who had DLBCL, CR were not precisely classified centrally due to insufficient material for review.
Adverse Events
The incidence of grade 3-4 adverse events occurring in at least 5% of patients are shown in Table 4 for the entire population. The overall toxicity profile was comparable in the two treatment arms. The most common grade 3-4 events in both treatment arms included neutropenia in 42%, infection in 28%, anemia in 16%, thrombocytopenia in 12%, febrile neutropenia in 12%, mucositis in 5%, and neuropathy in 2%. The toxicity profile was similar in the post-amendment population (data not shown). Grade 3-4 adverse events leading to premature discontinuation of therapy occurred in 3 patients (6%) in arm A (including neutropenia, fever, and hypotension in one patient each), and 3 patients (5%) in arm B (including infection in 1 patient and hepatitis in 2 patients).
Treatment-associated deaths were defined as deaths occurring during or within 30 days of treatment from causes other than lymphoma that were judged to be possibly or probably associated with therapy. Treatment-associated deaths did not occur at a rate which triggered study interruption. There were 5 treatment-associated deaths (9.8%) in the concurrent arm and 4 For personal use only. on November 16, 2017. by guest www.bloodjournal.org From cause of death in 9 patients (18%) in the concurrent arm and 10 (16%) in the sequential arm. The 1 year and 2 year progression-free survival (PFS) rates in the concurrent arm were 78% (95% CI 67%, 90%) and 66% (95% CI 53%, 79%), respectively, and in the sequential arm were 66% (95% CI 54%, 79%) and 63% (95% CI, 50%, 76%), respectively (Figure 2a) . Two year overall survival rates were 70% (95% CI 57%, 83%) in the concurrent and 67% (95% CI 54%, 80%) in the sequential arms, respectively (Figure 2b) . The two year TTP rates in the concurrent and sequential arms were 75.4% (95% CI 63.2%, 87.5%) and 71.3% (95% CI 58.5%, 84.0%), respectively, indicating that about 70-75% of surviving patients were without evidence of progressive lymphoma at 2 years (Figure 2c ). Results were similar in the post-amendment population. The 2 year PFS rates in the concurrent and sequential arms were 64% (95% CI 48%, 80%) and 60% (95% CI 44%, 75%), respectively. Two year overall survival rates were 63% (95% CI 47%, 80%) and 66% (95% CI 51%, 82%), respectively.
DISCUSSION
The incidence of B-cell non-Hodgkin's lymphoma is increased in HIV-infected individuals. 22 Since the routine use of "highly active antiretroviral therapy" (HAART) in clinical practice beginning in 1996, there have been significant reductions in HIV-associated morbidity and mortality. 23, 24 Although the incidence of HIV-associated lymphoma has also declined in the HAART era 25 and its prognosis has improved compared with the dismal prognosis in pre-HAART era, it remains a common complication of HIV infection that is cured in only 30-50%
with standard anti-lymphoma therapy. 26 Our trial was designed to determine the efficacy of infusional EPOCH chemotherapy used alone (followed sequentially by rituximab) and infusional EPOCH given concurrently with
For personal use only. on November 16, 2017. by guest www.bloodjournal.org From rituximab in patients with HIV-associated B-cell non-Hodgkin's lymphoma. CR rate was chosen as the primary efficacy endpoint because it is a well accepted short term surrogate known to be associated with long term cure, and standard response criteria and response definitions were used. We used what some have referred to as a "selection" or "pick the winner" randomized phase II trial design, wherein each arm is regarded as experimental, and the efficacy of each arm is evaluated independently and compared to historical data with standard therapy. 27 We sought to determine whether either experimental arm was associated with a CR rate of at least 75%, substantially higher than the approximately 50% CR rate typically observed for standard regimens, including CHOP or R-CHOP therapy in a previous AMC trial (AMC 010) performed in the HAART era. 8 Although this design does not allow a direct efficacy comparison between the two arms, it does facilitate a direct comparison of toxicity in the two arms.
First, we found that concurrent rituximab plus infusional EPOCH chemotherapy resulted in a sufficiently high CR rate required to reject that null hypothesis of no difference compared with standard therapy; in other words, the CR rate was significantly higher than would be expected with standard therapy for this arm. Second, the CR rate observed with EPOCH alone (followed sequentially by rituximab) was consistent with CR rates typically observed with standard regimens. Third, although progression-free and overall survival rates were similar for the two arms, the trial was not adequately powered to detect differences for these endpoints. In addition, some evidence suggests benefit for rituximab when given sequentially following chemotherapy, thereby confounding any evaluation of progression-free or overall survival. 3 However, the 1year progression-free survival rates observed for both the concurrent arm (78%; 95% CI 67%, 90%) and sequential arm (66%; 95% CI 54%, 79%) in this trial compare favorably with those observed with either CHOP alone (50%; 95% CI 39%, 61%) or R-CHOP (48%; 95%
For personal use only. on November 16, 2017 . by guest www.bloodjournal.org From CI 32%, 64%) in the AMC 010 trial 8 , suggesting that infusional EPOCH may have contributed to this improvement compared with historical data. Fourth, the toxicity profile of infusional EPOCH was comparable whether given alone, or concurrently with rituximab. Although the treatment associated death rate in the concurrent arm was 10%, it was similar to the 7% rate in the sequential arm. Moreover, the infectious death rate for concurrent R-EPOCH may be minimized by administering it only in patients with a CD4 count of at least 50/uL.
The results of this trial seem to contradict the results of a prior study conducted by the AMC (AMC010) which found a significantly higher death rate in the concurrent rituximab-CHOP arm compared with CHOP alone. There are several potential explanations for this difference. First, in the prior trial, patients received concurrent rituximab plus CHOP followed by monthly rituximab infusions for 3 months, which may have contributed to late infectious deaths that occurred in about 50% of all patients with treatment-associated deaths. Second, patients in the current trial received quinolone prophylaxis, which was not used in the previous trial. Third, patients in the current trial treated with concurrent R-EPOCH had a substantially higher median CD4 count than the R-CHOP arm of the prior AMC trial (median 194/uL vs.
128/uL). However, despite the overall acceptable safety profile associated with concurrent R-EPOCH, patients with a very low CD4 count may be better served by treating with chemotherapy alone, followed by rituximab if there is evidence of good response.
A potential concern about this trial was the failure to consistently dose escalate cyclophosphamide as described in the original reports of EPOCH in HIV-associated lymphoma 14 and immunocompetent patients with lymphoma 13, 28 , a factor that may have contributed to a lower CR rate than expected in the sequential arm of our trial. Although this dose escalation may very well be an important factor which contributes to the efficacy of EPOCH in an
For personal use only. on November 16, 2017 . by guest www.bloodjournal.org From immunocompetent population or in Burkitt's or Burkitt-like lymphoma, we believe that the absence of consistent dose escalation did not compromise the efficacy of the sequential arm of our trial for several reasons. First, the trial was amended to assure that a sufficient number of patients received cyclophosphamide dose escalation in the post-amendment population. Second, the CR rates were if anything lower (although not significantly so) in the post-amendment population, including the concurrent arm (67% post vs. 82% pre) and sequential arm (49% post vs. 69% pre). Third, other studies involving intensification of cyclophosphamide and other agents have not proven to be superior to CHOP in HIV-associated lymphoma. 29 Therefore, we are confident that a therapeutic strategy of EPOCH alone including cyclophosphamide dose escalation as originally described is not likely to be associated with the 75% CR rate which we were targeting. In addition, the subtle differences amongst the pre and post-amendment populations support our approach of also evaluating efficacy in the total population, and not just in the post-amendment population alone, because of the known adverse impact of severe immunosuppression on response and prognosis in HIV-associated lymphoma. 30 This also points out the importance of including a concurrent control arm in future trials evaluating novel treatment approaches in HIV-associated lymphoma when a standard potentially curative treatment option is available.
This trial included patients with both DLBCL and Burkitt's/Burkitt-like lymphoma, with DLBCL accounting for about 74% of the patients treated. Although R-CHOP or R-CHOP-like regimens are commonly used for DLBCL, more intensive regimens are typically recommended for Burkitt's/Burkitt-like lymphomas. 31,32 For DLBCL, the CR rate appeared to be particularly encouraging for concurrent R-EPOCH arm (71%, 95% CI 54%, 85%), but not for the sequential arm (46%; 95% CI 30%, 61%). For Burkitt'/Burkitt-like/other lymphomas, CR rates were
For personal use only. on November 16, 2017. by guest www.bloodjournal.org From encouraging for both the concurrent arm (63%; 95% CI 35%, 85%) and sequential arm (82%, 95% CI 48%, 98%), although the number of patients evaluated was relatively small. Our findings suggest that concurrent R-EPOCH may be a particularly effective regimen for HIV-associated DLBCL, and that an EPOCH-containing regimen may be considered a reasonable alternative for patients with HIV-associated Burkitt's/Burkitt-like lymphoma who may not be suitable candidates for more intensive regimens. Given the importance of cyclophosphamide dose in Burkitt's/Burkitt-like lymphoma 33 , additional studies in Burkitt's/Burkitt-like lymphoma of rituximab plus EPOCH including cyclophosphamide dose escalation are warranted.
It has recently been shown that among immunocompetent patients, DLBCL is a heterogeneous disease that may be further characterized into germinal center (GC) and nongerminal center (non-GC) subtypes that have differing prognoses which arrive by distinct genetic pathways. [34] [35] [36] In addition, certain markers have been associated with prognosis, including proliferation index (measured by expression of Ki67) and others. 37 We have recently reported that in a subgroup of 82 patients with DLBCL derived from this trial and in a previous trial including CHOP (used alone or in combination with rituximab), there was no significant difference in survival, CD4 count, or EBV expression among patients with the GC and non-GC subtypes. 38 The only predictive immunohistochemical marker was found to be Ki67, wherein a higher proliferation index was associated with improved survival. These results suggest that patients with DLBCL and high proliferation index, a characteristic that is usually associated with Burkitt's/Burkitt-like lymphoma, may be adequately treated with R-EPOCH therapy.
Our findings are also consistent with the results of other trials evaluating rituximab plus infusional chemotherapy in aggressive grade lymphoma, including EPOCH in immunocompetent patients 27 , or infusional cyclophosphamide, doxorubicin, and etoposide (CDE) in HIV-positive patients. 16 The latter study included 74 patients with HIV-associated B-cell lymphoma; the CR rate was 70%, lethal treatment-associated toxicity rate was 6%, and the estimated two-year progression free survival was 59%, similar to our study. Given that rituximab is known to sensitize lymphoma cells to cytotoxic agents in vitro 39 
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